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Abstract: In KY(WO4)2:Gd3+,Lu3+,Yb3+ channel waveguides, we produced 418 mW of output 
power at 1023 nm with 71% slope efficiency versus launched pump power. Grating tuning in an 
extended cavity provided laser operation from 981 nm to 1045 nm. When pumping at 973 nm, 
lasing at 981 nm with a record-low quantum defect of 0.8% was achieved. 
Rare-earth ions doped into KY(WO4)2 (KYW) exhibit large absorption and emission cross sections. KYW thin 
layers with low Yb3+ concentrations of 1-3 at.% were grown by liquid phase epitaxy from a K2W2O7 solvent [1] 
onto undoped KYW substrates and a planar waveguide laser with 290 mW output power and 80% slope efficiency 
was demonstrated [2]. The refractive index contrast between layer and substrate is a few ×10−4, thus requiring > 10-
μm layer thickness for waveguiding. Channel waveguide lasers with a large mode size and high propagation losses 
were produced in bulk double tungstates by femtosecond-laser writing [3]. Co-doping the active layer with large 
amounts of optically inert Gd3+ and Lu3+ ions increases the refractive index contrast to ~7.5×10−3 [4], leading to 
few-µm-thin waveguide layers. This greatly facilitates microstructuring and resulted in a ridge channel waveguide 
laser with a threshold of 4.5 mW launched pump power, 62% slope efficiency, and 75 mW output power [5]. 
Here we present efficient high-power laser emission from a 6.6-mm-long KGd0.49Lu0.485Yb0.025(WO4)2 buried 
channel waveguide laser. The tight confinement of 981-nm-pump and 1023-nm-laser light in this 7-µm-wide, 5-
µm-thick, 1.4-µm-deep etched ridge channel waveguide allows extreme outcoupling (OC) efficiencies of 70%, 
resulting in a maximum laser emission of 418 mW and 71% slope efficiency versus launched pump power; see Fig. 
1(a). In a second experiment on a similar device with a doping concentration of 1.7%, a channel height of 2.4 µm, 
and a channel length of 7 mm, by utilizing a grating in Littrow configuration in an extended cavity the emission 
wavelength could be tuned from 980 nm to 1045 nm; see Fig. 1(b). With 500 mW incident pump power at 930 nm 
output powers of approximately 11 mW at 980-1033 nm were measured from the 2nd order of the grating, whereas 
the emission dropped gradually when tuning towards 1045 nm. In a third experiment in a half-open cavity with only 
Fresnel reflection at the pump-input side, when tuning the pump wavelength from 910 nm to 973 nm the laser kept 
on oscillating at 980 nm, resulting in a record-low quantum defect of only 0.8%; see Fig. 1(c). 
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Fig. 1. (a) Input-output characteristics with 70% outcoupling efficiency, (b) tunability by external grating, and (c) small-
quantum-defect lasing of KYW:Gd3+,Lu3+,Yb3+ channel waveguide lasers 
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